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What are Gravitational Waves ?

A gravitational wave is a perturbation to the space-tmatrics
propagating at the speed of light
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In a vacuum

Wave Equation ruling the evolution of the perturbation




Test masses suspended as a pendulum

3 Km-long arms

Beam splitter
_ Detector

Laser




Sources of GW burst ... detectable by ITF
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Massive star collapses

Instabilities in newborn neutrons stars

Mergers of couples of compact stars

Black hole ring down

Others ....




Supernova Bursts

, Pulse of ms duration
e G , (no template available)




Some waveforms
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Models core collapse simulation GW strength
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Mergers of compact stars
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Inspiral Merger Ringdown
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Sources

Emits periodic signals &t2f_ . but ....weak
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A simple detector

Test masses suspended as a pendulum

3 Km-long arms

Beam splitter
. Detector

Laser

h=10%= ¢, =3-10"rad




Summary of the technique
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What Is a sensitivity curve ?
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Ground-Based Network










VIRGO Sensitivity Evolution

C1 Nov 2003
C2 Feb 2004
C3 Apr 2004
C4 Jun 2004

C5 Dec 2004
C6 Aug 2005

C7 Sep 2005

WSR1 Sep 2006
WSRS Feb 2007

WSR10 Mar 2007
VSR1 May 2007

May 2008
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LIGO

3 ITF: Hanford (4 km, 2 km), Livingston (4 km)
Same optical scheme as VIRGO, simpler suspensions




LIGO Commissioning

Best Strain Sensitivities for the LIGO Interferometers
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LIGO in action at the design sensitivity



VSR1 Start - 18 May 2007

LIGO LHO 4km S5
LIGO LLO 4km S5
LIGO LHO 2km S5
GEO S5

Virgo
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L SC-VIRGO Agreement

Stochastic background




Limited Detection

Potentiality

Coalescing Binaries (Horizon 32 Mpc):
1/70 years

Supernovae (Just Galaxy):
1/100 years

Galaxy Neutron Stars (only upper limits)




Gamma-ray transients (GRBs, SGRs)|

Optical transients

Neutrino events e
Correlation in time
Correlation in direction
Information on the source properties

Confident detection of GWs (eventually).




o O

()

Polarization-averag

© O o OLERS
N WA OO N

o

=
Ul
o
o
=

-150 -100 -50 100

> GRB triggers (mostly from Swift, IPN, INTEGRAL, HETE-2)

antenna factc




EI\/I Observatlons GRB 070201

Descrlbed as ahntense short hard GRB(GCN 6088)
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What Can We Learn? -GRB 070201

In the case of a detection:

Confirmation of a progenitor (e.g. coalescing binary system)

GW observation could determine the distance to the GR

No-detection:

Exclude progenitor in mass-distance region

With EM measured distance to hypothetical
GRB, could exclude binary progenitor of
various masses

Possible statements on progenitor models

Bound the GW energy emitted by a source
M31

Sample mass-distance exclusion region

Distance (Mpc)

Apethtical sampls




Towards VI RGO+




VIRGO+ Sensitivity
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Advanced Plan

— Virgo design
— LIGO design

quency {Hz)




Conceptual design and preliminary cost plan submitted to
funding agencies (INFN-Italy and CNRS-France)

NIKHEF (Holland) interested in the project.
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Advanced Goal

e Advanced LIGO
— LIGO
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Detection Is “sure”
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The Future .. LISA




AR NATIONAL AERONAUTICS
B  AND SPACE ADMINISTRATION

5 millions of km long-arm interferometer
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Galactic
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Coelescence of
Massive Black Holes

NS-NS and BH-BH

Resolved Coalescence
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